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DEPR: 

The plasmid pET-P15 (harbouring the P15 nucleic acid sequence) 
was restricted at its single BamHI site and blunt-ended with T4 
DNA polymerase. After purification by electrophoresis in 0.8% 
agarose gel, the linear plasmid was restricted at its single Ncol 
site. The P15 gene fragment of 400 bp was purified by 
electrophoresis and inserted into pMJBX-Ub (harbouring the 
Arabidopsis polyubiquitin promoter (Norris et al . , Plant 
Molecular Biology 21, pp. 895-906 (1993), a TMV enhancer sequence 
and the Nos 3 1 terminator) cut with Ncol and Smal restriction 
endonuc leases. In the plasmid so obtained (pMJBX-Ub-P15) , the 
nucleic acid sequence of the P15 gene is placed under the control 
of the Arabidopsis polyubiquitin promoter followed by the TMV 
enhancer sequence. The EcoRI fragment from plasmid pB2 3 5SAck 
contains the pat gene, used as the selective marker, encoding 
phosphinothricin acetyl transferase (obtained from Agrevo, Berlin 
Germany) . On this EcoRI fragment, the nucleic acid sequence of 
the pat gene is under the control of the 5' and 3' expression 
signals of the Cauliflower virus. The plasmid pMJBS6, resulting 
from the combination of this EcoRI -pat fragment and a partial 
EcoRI digestion of plasmid pMJBX-Ub-P15 , contains both the pat 
and the P15 genes. This pMJBS6 plasmid is a high-copy plasmid 
based on the pUC18 vector and contains also the -lactamase gene 
(amp. sup. r). In the plasmid pIGPD7, harbouring the same pat 
fragment as pB235SAck, the -lactamase gene was replaced by an 
igpd (imidazole glycerol phosph ^tp dehydratase) gene from 
Saccharomyces cerevisiae (Struhl et al . , Proceedings of the 
National Academy of Science USA 73, pp. 1471-1475 (1976). 
Selection for and maintenance of the plasmid in Escherichia coll 
was achieved by complementation of an auxotrophic hisB strain 
SB3930 on minimal medium in the absence of antibiotics. The P15 
fragment, with its ubiquitin promoter and terminator sequence, 
was purified as a 2500 bp fragment obtained from the pMJBX-Ub-P15 
plasmid after it was cut at the single Hindlll site, followed by 
a partial EcoRI restriction. This fragment was blunt-ended and 
inserted in a blunt -ended pIGPD7 plasmid, cut at the single Ncol 
site. The resulting pIGPDS4 plasmid contains both the pat and the 
P15 genes on a vector without the . beta . -lactamase gene. 
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US -CL- CURRENT: 435./ 15R; 435/ 252 .3 , 115/; 
435/69.1 

CLAIMS : 

What is claimed is: 

1. A method for the production of 1 , 3 -propanediol from a 
recombinant microorganism comprising: 

(i) transforming a suitable host microorganism with one or more 
transformation cassettes each of which comprises at least one of 

(a) a gene encoding a glycerol -3 -phosphate dehydrogenase activity; 

(b) a gene encoding a glycerol -3 -phosphatase activity; 

(c) genes encoding a dehydratase activity; and 

(d) a gene encoding 1 , 3 -propanediol oxidoreductase activity, 
wherein all of the genes of (a) - (d) are introduced into the host 
mi c roorgani sm ; 

(ii) culturing the transformed host microorganism under suitable 
conditions in the presence of at least one carbon source selected 
from the group consisting of monosaccharides, oligosaccharides, 
polysaccharides, or a one-carbon substrate whereby 1 , 3-propanediol 
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is produced; and 

(iii) recovering the 1 , 3 -propanediol . 

2. The method of claim 1 wherein the suitable host microorganism 
is selected from the group consisting of bacteria, yeast, and 
filametous fungi. 

3 . The method of claim 2 wherein the suitable host microorganism 
is selected from the group of genera consisting of Citrobacter, 
Enterobacter, Clostridium, Klebsiella, Aerobacter, Lactobacillus, 
Aspergillus, Saccharomyces , Schizosaccharomyces, 
Zygosaccharomyces , Pichia, Kluyveromyces , Candida, Hansenula, 
Debaryomyces, Mucor, Torulopsis, Methylobacter , Escherichia, 
Salmonella, Bacillus, Streptomyces and Pseudomonas. 

4. The method of claim 3 wherein the suitable host microorganism 
is selected from the group consisting of E. coli, Klebsiella spp., 
and Saccharomyces spp. 

5. The method of claim 1 wherein the transformed host 
microorganism is a Klebsiella spp. transformed with a 
transformation cassette comprising the genes GPD1 and GPP2 . 

6. The method claim 1 wherein the carbon source is glucose. 

7 . The method of claim 1 wherein the gene encoding a 

glycerol -3 -phosphate dehydrogenase activity is selected from the 
group consisting of 

(a) an isolated nucleic acid molecule encoding the amino acid 
sequence set forth in SEQ ID NO: 11, in SEQ ID NO: 12, and in SEQ ID 
NO: 13, or an enzymatically active fragment thereof; 

(b) an isolated nucleic acid molecule that hybridizes with (a) 
under the following hybridization conditions: 0 . 1 . times . SSC, 0.1% 
SDS at 6 5. degree. C. ; and 

(c) an isolated nucleic acid molecule that is completely 
complementary to (a) or (b) . 

8. The method of claim 1 wherein the gene encoding a 
glycerol -3 -phosphatase activity is selected from the group 
consisting of 

(a) an isolated nucleic acid molecule encoding the amino acid 
sequence set forth in SEQ ID NO: 33 and in SEQ ID NO: 17, or an 
enzymatically active fragment thereof; 

(b) an isolated nucleic acid molecule that hybridizes with (a) 
under the following hybridization conditions: 0 . 1 . times . SSC, 0.1% 
SDS at 6 5. degree. C; and 

(c) an isolated nucleic acid molecule that is completely 
complementary to (a) or (b) . 

9. The method of claim 1 wherein the gene encoding a 

glycerol -3 -phosphatase activity is a glycerol kinase gene selected 
from the group consisting of 

(a) an isolated nucleic acid molecule encoding the amino acid 
sequence set forth in SEQ ID NO: 18, or an enzymatically active 
fragment thereof; 

(b) an isolated nucleic acid molecule that hybridizes with (a) 
under the following hybridization conditions: 0 . 1 . times . SSC, 0.1% 
SDS at 65. degree. C . ; and{c) an isolated nucleic acid molecule 
that is completely complementary to (a) or (b) . 

10. The method of claim 1 wherein the genes encoding a dehydratase 
activity comprise dhaBl, dhaB2 and dhB3 , and are selected from the 
group consisting of 

(a) an isolated nucleic acid molecule encoding the amino acid 
sequence set forth in SEQ ID NO: 34, SEQ ID NO: 35, and SEQ ID 
NO: 36, or an enzymatically active fragment thereof; 
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(b) an isolated nucleic acid molecule that hybridizes with (a) 
under the following hybridization conditions: 0 . 1 . times . SSC, 0.1% 
SDS at 65. degree. C. ; and(c) an isolated nucleic acid molecule 
that is completely complementary to (a) or (b) . 

11. The method of claim 1 wherein the gene encoding a 

1 , 3 -propanediol oxidoreductase activity selected from the group 
consisting of 

(a) an isolated nucleic acid molecule encoding the amino acid 
sequence set forth in SEQ ID NO: 37, or an enzymatically active 
fragment thereof; 

(b) an isolated nucleic acid molecule that hybridizes with (a) 
under the following hybridization conditions: 0 . 1 . times . SSC, 0.1% 
SDS at 6 5. degree. C; and 

(c) an isolated nucleic acid molecule that is completely 
complementary to (a) or (b) . 

12. A method for the production of 1 , 3 -propanediol from a 
recombinant microorganism comprising: 

(i) culturing, under suitable conditions in the presence of at 
least one carbon source selected from the group consisting of 
monosaccharides, oligosaccharides, polysaccharides, or a 
one-carbon substrate, a transformed host microorganism comprising 

(a) a gene encoding a glycerol -3 -phosphate dehydrogenase activity; 

(b) a gene encoding a glycerol -3 -phosphatase activity; 

(c) genes encoding a dehydratase activity; and 

(d) a gene encoding 1 , 3 -propanediol oxidoreductase activity, 
wherein all of the genes (a) - (d) are exogenous to the host 
microorganism, whereby 1 , 3 -propanediol is produced; and 

(ii) recovering the 1 , 3 -propanediol . 

13. A host cell transformed with a group of genes comprising: 

(1) a gene encoding a glycerol -3 -phosphate dehydrogenase enzyme 
corresponding to the amino acid sequence given in SEQ ID NO: 11; 

(2) a gene encoding a glycerol -3 -phosphatase enzyme corresponding 
to the amino acid sequence given in SEQ ID NO: 17; 

(3) a gene encoding the a subunit of the glycerol dehydratase 
enzyme corresponding to the amino acid sequence given in SEQ ID 
NO: 34; 

(4) a gene encoding the .beta, subunit of the glycerol dehydratase 
enzyme corresponding to the amino acid sequence given in SEQ ID 
NO: 35; 

(5) a gene encoding the .gamma, subunit of the glycerol 
dehydratase enzyme corresponding to the amino acid sequence given 
in SEQ ID NO: 36; and 

(6) a gene encoding the 1 , 3 -propanediol oxidoreductase enzyme 
corresponding to the amino acid sequence given in SEQ ID NO: 37, 
whereby the transformed host cell produces 1 , 3 -propanediol on at 
least one substrate selected from the group consisting of 
monosaccharides, oligosaccharides, and polysaccharides or from a 
one - carbon substrate . 
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What is claimed is: 

1. A process comprising the bioconversion of a carbon substrate, 
other than glycerol or dihydroxyacetone, to 1 , 3 -propanediol by a 
single microorganism having at least one gene that expresses a 
dehydratase enzyme by contacting said microorganism with said 
substrate . 

2. The process of claim 1 wherein said microorganism has been 
genetically altered. 

3 . The process of claim 1 wherein the dehydratase enzyme is a 
glycerol dehydratase enzyme or a diol dehydratase enzyme . 

4 . The process of claim 1 wherein the microorganism is selected 
from the group consisting of members of the genera Citrobacter, 
Enterobacter, Clostridium, Klebsiella, Aerobacter, Lactobacillus, 
Aspergillus, Saccharomyces , Zygosaccharomyces , Pichia, 
Kluyveromyces, Candida, Hansenula, Debaryomyces , Mucor, 
Torulopsis, Methylobacteria, Escherichia, and Salmonella; 
recombinant microorganisms transformed with a gene encoding a 
glycerol dehydratase enzyme or a diol dehydratase enzyme; and 
mutants of microorganisms having phenotypes which enhance 
production of 1 , 3 -propanediol . 

5. The process of claim 4 wherein the microorganism is selected 
from the group consisting of members of the genera Klebsiella and 
Citrobacter, and recombinant Escherichia. 

6. The process of claim 5 wherein the microorganism is recombinant 
E. coli. 

7. The process of claim 1 wherein the carbon substrate is selected 
from the group consisting of compounds having at least a single 



CLAIMS : 



1 of 2 



1/26/02 4:52 PM 



Record Display Form 



wysiwyg://23/http://westbrs:8820/bin/cgi. . . SPT&action=PRESENT&p_L=20&p_u_fonnat=CIT 



carbon atom, provided that the substrate is other than glycerol or 
dihydroxyacetone . 

8. The process of claim 7 wherein the carbon substrate is selected 
from the group consisting of monosaccharides and oligosaccharides. 

9. The process of claim 8 wherein the carbon substrate is glucose. 

10. The process of claim 1 wherein the gene is a glycerol 
dehydratase gene isolated from the group consisting of members of 
the genera Klebsiella, Citrobacter, and Clostridium. 

11. The process of claim 1 wherein the gene is a diol dehydratase 
gene isolated from the group consisting of members of the genera 
Klebsiella and Salmonella. 

12. The process of claim 1 or 9 wherein the microorganism is E. 
coli containing a glycerol dehydratase gene from Klebsiella 
pneumoniae . 

13 . The process of claim 1 wherein the microorganism is grown in a 
medium prior to contacting it with the carbon substrate. 

14 . A process for the bioconversion of a carbon substrate to 
1, 3 -propanediol by a single microorganism comprising: 

(i) contacting a medium containing at least one carbon substrate 
with a single microorganism to yield a culture medium, wherein the 
at least one carbon substrate is selected from the group 
consisting of monosaccharides, oligosaccharides, and 
polysaccharides, provided that the carbon substrate is other than 
glycerol or dihydroxyacetone, and wherein said single 
microorganism is selected from the group consisting of members of 
the genera Klebsiella, Citrobacter, recombinant Escherichia, or is 
a recombinant organism transformed with a gene encoding a diol 
dehydratase enzyme or a glycerol dehydratase enzyme, 

(ii) incubating said culture medium under suitable conditions to 
produce 1 , 3 -propanediol ; and 

(iii) recovering said 1 , 3 -propanediol . 

15. The process of claim 14 wherein the at least one carbon 
substrate is glucose and wherein said single microorganism is a 
recombinant E. coli transformed with a gene encoding a diol 
dehydratase enzyme or a glycerol dehydratase enzyme. 

16. The process of claim 1 further comprising recovering 

1 , 3 -propanediol following the bioconversion of the carbon 
substrate . 
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CLAIMS : 

What is claimed is: 

1. A cosmid contained in ATCC 69789 comprising a DNA fragment of 
about 35 kb isolated from Klebsiella pneumoniae wherein 1) the DNA 
fragment encodes an active glycerol dehydratase enzyme and 2) 
digestion of the cosmid results in a restriction digest pattern as 
shown in FIG. 1, columns 1 and 2. 

2. A host bacterium transformed with the cosmid of claim 1. 

3 . The host bacterium of claim 2 which is deposited with the 
American Type Culture Collection and having accession number ATCC 
69789. 

4. A host bacterium comprising the cosmid of claim 1, wherein at 
least one DNA fragment of said cosmid encodes 1 , 3 -propanediol 
oxidoreductase, and wherein said host converts a carbon source, 
other than glycerol or dihydroxyacetone , to 1 , 3 -propanediol . 
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What is claimed is: 

1. A process for the bioconversion of a carbon substrate for diol 
dehydratase enzyme to the corresponding product comprising the 
steps of : 

(i) transforming a microbial host with genes encoding an 
enzymatically active bacterial diol dehydratase enzyme, the genes 
derived from 

(1) a cosmid, the cosmid comprising a DNA fragment of about 35 kb 
isolated from Klebsiella pneumoniae and contained within 
transformed E. coli deposited with the American Type Culture 
Collection under accession number ATCC 69790; or from 

(2) enzymatically active diol dehydratase genes isolated from the 
group consisting of members of the species Klebsiella sp., 
Clostridia sp., Salmonella sp. and Citrobacter sp, one subunit of 
the genes and having at least a 95% identity to the nucleic acid 
sequence of SEQ ID NO:l; 

(ii) contacting the transformed microbial host with the carbon 
substrate in a suitable medium; and 

(iii) recovering the corresponding product from the suitable 
medium. 

2 . The process of claim 1 wherein the carbon substrate is selected 
from the group consisting of ethylene glycol, 1 , 2 -propanediol , 
glycerol and 2 , 3 -butanediol . 

3 . The process of claim 2 wherein the carbon substrate is 
glycerol . 

4 . The process of claim 3 wherein the glycerol i% converted to 
1 , 3 -propanediol . 



CLAIMS: 



lof2 



1/26/02 4:48 PM 



Record Display Form 



wysiwyg://I2/http://westbrs:8820ft^ 




End of Result Set 



□ 




Ll: Entry 3 of 3 



File: 



USPT 



May 27, 1997 



US -PAT-NO: 5633362 

DOCUMENT- IDENTIFIER: US 5633362 A 

TITLE: Production of 1 , 3 -propanediol from glycerol by recombinant 
bacteria expressing recombinant diol dehydratase 

DATE-ISSUED: May 27, 1997 
INVENTOR- INFORMATION : 

NAME CITY STATE ZIP CODE COUNTRY 

Nagarajan; Vasantha Wilmington DE 

Nakamura; Charles E. Claymont DE 



US -CL- CURRENT: 536/ 23.1 ■ 435/ 252 .3 , 435/ 252.33 , 536/ 22 . 1 f 536/ 24 .3 



What is claimed is: 

1. A cosmid comprising a DNA fragment of about 35 kb isolated from 
Klebsiella pneumoniae wherein said fragment encodes an active diol 
dehydratase enzyme having the restriction digest in FIG. 5, 
columns numbered 4, said cosmid contained within a transformed E. 
coli deposited with the American Type Culture Collection under 
accession number ATCC 69790. 

2. A transformed microorganism comprising a host microorganism and 
the cosmid of claim 1. 

3. The transformed microorganism of claim 2 wherein the host 
microorganism is E. coli, and which is deposited with the American 
Type Culture Collection as accession number ATCC 69790. 

4 . The cosmid of claim 1 which when transformed into bacteria 
causes metabolism of glycerol to 1 , 3 -propanediol . 

5. A transformed microorganism comprising a host microorganism and 
a DNA fragment of the cosmid of claim 1, said fragment encoding an 
active functional protein. 

6. A DNA fragment comprising a gene encoding a diol dehydratase 
enzyme, said gene encompassed by the cosmid of claim 1. 

7. A isolated gene encoding an active diol dehydratase enzyme 
comprising a contiguous sequence which consists of SEQ ID NO: 1. 

8. A isolated gene encoding an active alcohol dehydrogenase 
comprising a contiguous sequence which consists of SEQ ID NO: 2. 

9. A transformed microorganism comprising a host microorganism and 
the heterologous gene of claim 7 or claim 8 . 

10. A transformed microorganism comprising E. coli DH5 . alpha, and 
the DNA sequence of claim 7 or claim 8. 
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5. The process of claim 1 wherein the microbial host is selected 
from the group consisting of members of the genera Eschericia, 
Bacillus, Klebsiella, Citrobacter, Saccharomyces , Clostridium and 
Pichia . 

6. The process of claim 5 wherein the microbial host is selected 
from the group consisting of members of species E. coli, Bacillus 
subtilis, Bacillus lichenif ormis and Pichia pastoris. 

7. The process of claim 6 wherein the microbial host is E. coli. 

8. The process of claim 1 wherein (a) the transformed microbial 
host is recombinant E. coli DH5. alpha, containing a gene encoding 
an enzymatically active diol dehydratase enzyme, the gene 
comprising the DNA sequence of SEQ ID NO. 1; (b) the carbon 
substrate is glycerol; and (c) the product recovered in step (iii) 
is 1 , 3 -propanediol . 

9. A process for the bioconversion of glycerol to 1 , 3 -propanediol 
comprising the steps of: 

(i) transforming a microbial host selected from the group 
consisting of the genera Eschericia, Bacillus, Klebsiella, 
Citrobacter, Saccharomyces , Clostridium and Pichia with genes 
encoding an enzymatically active bacterial diol dehydratase 
enzyme, the genes derived from a cosmid, the cosmid comprising a 
DNA fragment of about 3 5 kb isolated from Klebsiella pneumoniae, 
the cosmid contained within transformed E. coli deposited with the 
American Type Culture Collection under accession number ATCC 
69790; 

(ii) contacting the transformed microbial host with carbon 
substrate in a suitable medium; and 

(iii) recovering 1 , 3 -propanediol from a suitable medium. 

10. The process of claims 8, 1 or 9 wherein the transformed 
microbial host further contains an alcohol dehydrogenase . 
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